Aim: The genetic background of orthostatic blood pressure dysregulation remains poorly understood. Since the renin-angiotensin system plays an important role in blood pressure regulation and response to position change, we hypothesized that angiotensin-converting enzyme (ACE) and ACE2 genetic polymorphisms might contribute, at least partially, to orthostatic blood pressure dysregulation in hypertensive patients. Methods: Two tag single nucleotide polymorphisms (SNPs) of ACE2 and ACE I/D were genotyped in 3630 untreated hypertensive patients and 826 normotensive subjects. Orthostatic hypertension was defined as an increase in systolic blood pressure of 20 mmHg or more and orthostatic hypotension as a drop in blood pressure of 20/10 mmHg or more within three minutes of assumption of upright posture. Results: Female and male patients had similar rates of orthostatic hypertension (16.5% vs 15.3%) and hypotension (22.5% vs 23.8%). No significant differences were detected in the minor allele frequency of ACE2 rs2106809, rs2285666, or ACE I/D in either female or male patients with orthostatic hypertension (15.1%, 22.7%, 19.6%, respectively), hypotension (13.8%, 25%, 16.5%), or normal orthostatic blood pressure response (14.4%, 21.9%, 15.8%) in additive, dominant or recessive models after adjustment for confounders (all P>0.05). The orthostatic changes in systolic and diastolic blood pressure were also comparable among patients carrying different genotypes. Similar results were observed in normotensive subjects. Conclusion: These data provide no support for the involvement of ACE or ACE2 in the genetic predisposition to orthostatic hypotension or hypertension.
Introduction
Orthostatic hypotension (OH) is well recognized as a risk factor for falls, syncope, cardiovascular events and mortality [1] [2] [3] [4] [5] . Orthostatic hypertension (OHT), a rise in blood pressure (BP) upon assuming upright posture, has been associated with increased risk of coronary heart disease [6] , silent cerebrovascular infarct [7] , and lesions in the central nervous system detected by MRI [8] . Hypertension has been associated with increased risk of OH and OHT in addition to multiple other factors, including older age, diabetes mellitus, decreases in vestibular function, and medication in many epidemiological studies [2, 3, [9] [10] [11] . Therefore, a better understanding of the underlying pathophysiology and genetic background might have major clinical significance for hypertensive patients.
The actual mechanisms of orthostatic BP dysregulation are poorly understood. When a person stands, about 500-1000 mL of blood moves from the upper body to the lower body. In response to postural changes, the sympathetic nervous system, the renin-angiotensin system (RAS), and consequent aldosterone release may be activated and exert compensatory effects for maintaining cardiac output during the stress of upright posture [12] . Apart from the key role of the autonomic nervous
Polymorphisms of angiotensin-converting enzyme (ACE) and ACE2 are not associated with orthostatic blood pressure dysregulation in hypertensive patients system in the short-and long-term BP response to postural changes, RAS is also believed to be an important regulator of orthostatic BP change. Because RAS hyperactivity is involved in the pathogenesis of hypertension, the effect of RAS on orthostatic BP regulation needs to be evaluated in hypertensive patients. The inter-individual response to postural change is highly variable [6] , and familial analyses have revealed that 25% of the variance of change in systolic blood pressure (SBP) is attributable to genetic factors [13] . Previous studies have suggested that genetic variants contribute to the presence of OH and OHT. Genetic norepinephrine transporter dysfunction is associated with orthostatic intolerance and changes in norepinephrine turnover [14] . Some mitochondrial DNA mutations are also associated with idiopathic OH [15] . Thus, genes encoding components of the RAS may also be good candidate genes for orthostatic BP dysregulation in hypertensive patients because of their involvement in both the pathogenesis of hypertension and orthostatic BP regulation.
A newly discovered RAS component, angiotensin-converting enzyme 2 (ACE2), shares 42% identity with the catalytic domain of somatic ACE and has been reported to play a protective role in the regulation of BP homeostasis and cardiac function [16] [17] [18] . ACE and ACE2 may therefore coordinate the physiological functions of RAS, and the balance between ACE2 and ACE may play an important role in the pathophysiology and development of disease. Given previous findings [19] of no associations between OH and polymorphisms of genes encoding traditional RAS components [including ACE I/D, angiotensinogen (AGT) M235T and angiotensin II type 1 receptor (AT1R) A1166C], we preferred ACE2 and ACE as candidate susceptibility genes for orthostatic BP dysregulation. To test our hypothesis, we looked for associations between ACE and ACE2 polymorphisms and OHT and OH in 3630 untreated hypertensive patients and 826 normal BP subjects.
Methods

Study Population
A community-based cross-sectional study was conducted in XinYang County, a region in central China, from 2004 to 2005. Hypertension was defined as diastolic blood pressure (DBP) of ≥90 mmHg and/or SBP of ≥140 mmHg or currently taking medication for hypertension (as defined by WHO 1999). Subjects were excluded from the study if they had any known diseases, including heart failure, renal failure, valvular heart disease, secondary hypertension, and severe debilitating chronic illness (cancer, renal or hepatic diseases). To exclude the effect of antihypertensive drugs on orthostatic BP regulation, only untreated patients were included in the study. Untreated patients were defined as those newly diagnosed with hypertension and/or not receiving any antihypertensive drugs for at least 8 weeks, according to participants' self-reports on medication history. Concurrently, age-and sex-matched subjects with systolic and/or diastolic BP levels <130/85 mmHg and with no family history of hypertension were recruited as normotensive subjects from the same communities. In total, 3630 untreated patients (1227 men and 2403 women) and 826 normotensive subjects (286 men and 540 women) with valid data on orthostatic BP measurements were included in the study. This study was reviewed and approved by the ethical committees of FuWai and local hospitals, and informed consent was obtained from each subject before he or she was recruited.
Data collection
Each eligible participant was interviewed in a community clinic. Anthropometric measurements, including height (m), weight (kg), waist and hip circumference (measured at the umbilicus and the widest point, respectively), were measured by trained researchers. All subjects underwent a standard 12-lead ECG. Overnight fasting blood was drawn for assays of fasting blood glucose, blood lipids [total cholesterol (TC), triglycerides (TG), high-density lipoprotein cholesterol ( HDL-C ), low-density lipoprotein cholesterol ( LDL-C )], serum uric acid and creatinine levels by the core laboratory at FuWai Hospital. Medical history and histories of cigarette smoking and alcohol consumption were obtained with a standardized question- Blood pressure measurement and classification of orthostatic blood pressure change Sitting BP was measured by trained nurses and physicians with a standardized mercury sphygmomanometer and appropriate cuff sizes (regular, large, or thigh) fitted to the subject's right arm. Three readings were recorded in a sitting position at least 30 s apart after more than 5 minutes of rest, and the average of the three readings was taken as the analyzed BP level. All BP investigators had to complete a training program on the preparation of study subjects for measuring BP, selection of correct cuff size, and standard BP measurement technique according to a common protocol adapted from procedures recommended by the American Heart Association [20] .
Supine and standing BP were recorded with a mercury sphygmomanometer following a standardized protocol by a trained physician or nurse. After a 15-min ECG examination with the participant lying on an examination table, three supine measurements of BP and heart rate were recorded at approximately 30-s intervals by a trained professional. Participants were then asked to rise from the supine position with the entire forearm relaxed and supported at heart level on an adjustable table, and standing measurements were taken at 0 and 2 min. OH was defined as a decline in SBP of at least 20 mmHg and/or a decline in DBP of at least 10 mmHg either 0 or 2 min after shifting from a supine to an upright posture [21] .
The definition of OHT was a postural increase of at least 20 mmHg in the orthostatic SBP [22] . The orthostatic BP change was calculated as the average of two standing BP readings minus the average of the supine BP readings. Participants with neither of these two patterns were classified into the orthostatic normotension (ONT) group. [23] . In brief, because the SNP rs4646112 is not polymorphic, and SNPs rs4646155 and rs879922 occur at relatively low minor allele frequency (at 3%~5%) among the Chinese, we selected the remaining two tag SNPs (rs2106809, and rs2285666), which effectively capture most of the other unmeasured common SNPs with allele frequencies >5%. ACE2 rs2106809 was found to be in pairwise LD (r 2 =0.742, D'=1.0) with three SNPs (rs2097723, rs1548474, rs1356037) in the region upstream of the ACE2 gene, while SNP rs2285666 was in strong LD with two SNPs (rs1978124, rs4646142) (r 2 =0.929~0.995, D'=0.854~0.973) in Chinese. These two polymorphisms of ACE2 were genotyped in all studied subjects by standard polymerase chain reaction (PCR)-restriction fragment length polymorphism (RFLP) techniques. All aspects of DNA source, preparation and genotyping were controlled using the paradigms of blindness and randomization. We also selected ACE I/D polymorphism, which accounts for up to 50% of the variation in the circulating level of ACE [24] . To determine ACE I/D polymorphism, insertion sequence-specific PCR was also performed to avoid mistyping [25] . The reproducibility of the genotyping was confirmed by bidirectional sequencing in 100 randomly selected samples, and the reproducibility was 100%.
Statistical analysis
All data are expressed as means with 95% confidence intervals. Because the ACE2 gene is located on the X chromosome, all of the data for each sex were analyzed separately (SPSS13.0). Quantitative variables were compared with one-way analysis of variance (ANOVA), and Tukey's test or the t-test was used for comparison of the mean values of pairs of groups. Triglyceride level was highly skewed and compared using a MannWhitney nonparametric test. A χ 2 test was used for qualitative variables, genotype/allele frequencies, and for the HardyWeinberg equilibrium of polymorphisms. Haplotypes were inferred using PHASE 2.0, and then were compared by χ 2 test.
Multinomial logistic regression analysis was used to assess the contribution of all genotypes to OHT or OH with adjustments for age, BMI, sitting BP levels, heart rates, and other conventional confounders. The orthostatic BP changes among genotypes were first analyzed by ANOVA or t test, and then by a general linear model with adjustment for age, BMI, and sitting BP levels. A two-tailed P value of <0.05 was considered significant. Assuming an additive model, the study had more than 80% statistical power to detect an association (at P=0.05) with an odds ratio of 1.25−1.75 for alleles at 35%−45% frequency, which indicates a low probability of a false-negative result.
Results
Clinical characteristics, prevalence of OHT and OH, and orthostatic BP changes by sex Table 1 summarizes the baseline characteristics and the prevalence of OHT and OH in hypertensive patients and normotensive subjects by sex. In general, most characteristics were significantly different between the sexes except for age and diabetes mellitus. The prevalence of neither OHT nor OH differed between men and women, even after adjustment for risk factors in both hypertensive and normotensive subjects. Male and female subjects had similar orthostatic reductions in SBP at both 0 and 2 min after standing (Table 1 ) and similar orthostatic increases in DBP at 0 min after rising from a supine to an upright posture. However, in hypertensive patients, men had higher orthostatic increases in DBP at 2 min after standing than did women even after adjustment for confounders, as determined by analysis of a general linear model (3.3 mmHg vs 2.6 mmHg, P=0.046).
Associations of OH and OHT with genotypes in hypertensive and normotensive subjects The genotype/allele frequencies of the two SNPs corresponding to ACE2 and ACE I/D in untreated hypertensive patients and normotensive subjects are listed in Tables 2 and  3 15 .8%, respectively), in dominant, recessive and additive models (all P>0.05); nor were there differences among the male patients. The haplotypes inferred from the two ACE2 SNPs also showed no associations with OH or OHT in either sex. To adjust for covariates, subsequent multinomial logistic regression analysis was performed, and this too revealed no significant association between any of the tested SNPs and OH or OHT.
Similarly, as shown in Table 3 , no association was observed between genotypes or haplotypes and OHT or OH in normotensive subjects, even after adjusting for conventional risk factors.
Associations of orthostatic BP changes with genotypes
The orthostatic BP changes in hypertensive patients were classified by genotype and sex (Table 4) 
Acta Pharmacologica Sinica npg associations were found between orthostatic changes in SBP or DBP at 0 or 2 min after standing and ACE or ACE2 genotypes in either men or women. Analysis of the general linear model also demonstrated no significant influence of genotype on orthostatic BP changes after controlling for confounders in both sexes. Normotensive subjects also showed no association of orthostatic BP changes with the studied genotypes (Table  S1) .
Discussion
This study assessed the influence of RAS genetic variants on orthostatic BP dysregulation in a large cohort of untreated hypertensive and normotensive subjects. Because RAS has been implicated in the pathophysiological mechanisms of hypertension and orthostatic BP dysregulation, ACE and/or ACE2 polymorphisms were hypothesized to have a genetic influence on BP response to posture change. After exclusion of the effect of antihypertensive drugs, the present study failed to demonstrate an association of either ACE or ACE2 genetic polymorphisms with OHT, OH, or orthostatic BP changes in either untreated hypertensive patients or normotensive subjects. The prevalence of OHT and OH was similar between male and female patients in our study. Few studies have reported a gender difference in the BP response to standing [26, 27] ; our study and a previous large community-based study showed no significant sex-related difference in BP in response to postural change [6] . The small BP difference (0.7 mmHg) between sexes in DBP at 2 min after adopting an upright position is probably not clinically relevant in hypertensive patients, even though it was statistically significant, and may be due to the large sample size. Because large fluctuations in heart rate and blood pressure usually occur within the first 20 to 30 s after standing [28] , the mean reduction in SBP immediately (at 0 min) after standing was larger than that after 2 min in the upright position.
In addition to aging, the orthostatic BP response might be strongly influenced by high BP levels as well as subsequent damage to vessels and autonomic tone in hypertensive patients. Hypertension blunts baroreflex sensitivity (BRS) and vascular compliance [29, 30] , and therefore may lead to the occurrence of OH. In contrast, OHT may be related to the [31, 32] . Excessive venous pooling in the lower extremities upon standing can lead to a decrease in cardiac output, which may result in vigorous activation of the sympathetic nervous system and excessive arteriolar vasoconstriction in hypertensives with sympathetic hyperactivity, thus causing OHT. Moreover, some patients with severe OHT may have relatively rare disorders such as baroreflex failure, mast cell activation disorder (mastocytosis), hyperadrenergic POTS, or pheochromocytoma [22] . The genetic influence on orthostatic BP dysregulation (OH or OHT) remains understudied. Previous familial studies indicate that genes responsible for orthostatic SBP disorder may be on chromosome 13q or 18q [33, 34] . However, no exact candidate genes have been identified as being responsible for orthostatic SBP regulation. The present study evaluated the genetic background of OHT using a candidate gene approach. However, a genetic influence of RAS was not found on orthostatic BP changes or the prevalence of OHT in hypertensive patients. A relationship between OH and mitochondrial DNA mutations was once reported in three families with idiopathic OH [15] . Orthostatic intolerance is also associated with a Gly49 polymorphism of the beta1 receptor gene [35] . Consistent with our results, Tabara et al [19] reported no association between polymorphisms of genes encoding the key components of the traditional RAS pathway and OH in a population-based study. In contrast, they reported an association of OH with a G protein α-subunit (GNAS1) T131C polymorphism and a G protein β subunit (GNB3) C825T polymorphism [19] , which are components of the sympathetic nervous system. Although a new member of RAS, ACE2, was included in our study, a genetic effect of RAS on orthostatic BP dysregulation was not detected.
In our study, RAS genetic variants did not appear to influence the BP response to orthostasis in either hypertensive or normotensive subjects. Our results can be explained by the role of the RAS in the physiological changes during standing. The most important mechanism to compensate for short-term orthostatic stress is the influence of the autonomic nervous system on peripheral vascular resistance, heart rate and con- npg tractility, and muscular activity. Continued upright posture causes greater volume depletion, and this activates a series of neurohormonal changes, including activation of the RAS. OH and OHT are commonly recognized within 3 min upon standing, which may be independent of the RAS effect. Another possibility is that the underlying causal variants of RAS were not detected by appropriate analysis. However, this explanation is not supported by the consistency of our results with previous studies or the physiological role of RAS in orthostasis. To further understand the genetic background of orthostatic BP regulation, more studies are required to assess genetic effects of the sympathetic nervous system on orthostatic BP response. Several limitations need to be mentioned. Because the study sample size was large enough to entail a low probability of a false-negative result, we did not replicate our results in another independent sample of hypertensive patients. In addition, the similar results in normotensive subjects also verified the reliability of our findings. Although haplotype analyses including all variants can often have advantages over polymorphism analyses, tag-SNPs based on LD analysis can also provide potential power and good coverage of the total common variation [36] . Nevertheless, it might be necessary to investigate all polymorphisms in all genes encoding pathways of both the sympathetic nervous system and RAS to further evaluate genetic background of orthostatic BP dysregulation.
In conclusion, our results provide no evidence for either ACE or ACE2 involvement in the genetic predisposition for orthostatic BP dysregulation in hypertensive patients or normotensive subjects. The data presented should be helpful for elucidating the genetic mechanisms underlying orthostatic hypotension and hypertension in future studies. 
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